Sperm competition theory predicts that males should strategically allocate their sperm reserves according to the level of sperm competition, defined as the probability that the sperm of two males compete for fertilizing a given set of ova. , when more than two ejaculates compete during a given mating event, sperm expenditure should decrease as the number of competing males increases. Empirical evidence supporting this prediction, however, is still lacking. Here we measured sperm expenditure in two gobiid fishes, the grass (Zosterisessor ophiocephalus) and black goby (Gobius niger), in which up to six sneakers can congregate around the nest of territorial males and release their sperm when females spawn. We show that, in accordance with theory, sneaker males of both species release fewer sperm as the number of competitors increases.
I
n many animal taxa females mate multiply and sperm competition is therefore an important evolutionary force in sexually reproducing animals (1) . The most common adaptation to high levels of sperm competition in males is represented by an increase in sperm expenditure at mating to increase their probability of fertilizing the eggs (2, 3) . However, ejaculates can be energetically costly to produce (4) (5) (6) (7) , and males are expected to allocate sperm strategically in response to varying levels of sperm competition (2, 8) . Specifically, theory predicts that ejaculate expenditure should depend on the number of males competing for fertilization (9, 10) . When the probability of competition between a maximum of two ejaculates is low, male gametic expenditure is predicted to increase with sperm competition risk (the so-called ''risk model''; ref. 10) . Support for this prediction comes from several within-species studies (11) (12) (13) (14) (15) (16) (17) (18) . However, in other instances, such as the group-spawning fishes (19) , several ejaculates compete simultaneously for the same set of eggs. Under such circumstances, theoretical models predict that an individual male that faces variable levels of sperm competition among successive spawns or matings should release fewer sperm as the estimated number of competitors at a given spawning increases above two, because returns are diminishing for providing more sperm (the so-called ''intensity model''; refs. 9 and 20) . This counterintuitive prediction is due to the fact that in spawns with several competitors the chances of encountering an unfertilized egg are too low to favor the release of additional sperm. In other words, if a male can strategically allocate sperm among spawns, an increase in output will profit more when the intensity of sperm competition is low.
Although fish are anatomically capable of adjusting their sperm release between spawns (6, 17) , experimental evidence supporting the intensity model is still lacking, probably because it is difficult to determine the actual number of males in a spawning group and to attribute the sperm released in the spawn to a specific individual (21) . Here we overcome these problems by using two shallow water gobiid fishes, the grass goby and the black goby, in which large, territorial males defend a nest in which females lay their eggs (22) . During spawning sneaker males, which are usually younger and smaller than territorial ones, attempt to release their sperm either in the nest or in close proximity to it (22) . Sperm competition is intense in these two species, because about 70% of the spawns have sneakers and up to six sneakers have been observed during spawning (23, 24) . Here we present the results of an experiment in which we measured the sperm expenditure of a focal sneaker male during simulated spawning events in which we experimentally manipulated the number of attending sneakers.
Methods
The fish used in this experiment were either collected from the Venice Lagoon, Italy, under a scientific fishing permit from the Regione Veneto or provided by local professional fishers. They were acclimated for 2 days in large outdoor tanks (120 liters) at the Chioggia Hydrobiological Station of the University of Padova, and released back into the wild after being used in the tests. Territorial and sneaker males were separated on the basis of body size, presence of sexual secondary characters, and ejaculate characteristics (22) (23) (24) . Sexual maturity of males used in the experiments was confirmed by the release of a droplet of seminal fluid after the application of a gentle pressure on the abdomen.
A territorial male was allowed to settle 1 day in the compartment containing an artificial nest (Fig. 1) . The experiment commenced with the introduction of the focal sneaker in the small central compartment and 0, 1, 2, or 4 competitor sneakers in the two side compartments, according to the experimental treatment. After 5 min of acclimation, 100 l (grass goby) or 10 l (black goby) of urine of territorial males were released into the compartment of the focal sneaker. For this purpose, five territorial males of each species were humanely killed and their urine samples were collected and pooled. Aliquots of these pools were stored at Ϫ20°C until used. Fresh aliquots were prepared every week. The urine of territorial males contains pheromones that are released by the male during courtship and induce the female to spawn (25) . Previous observations demonstrated that such quantities of urine were sufficient to induce females to spawn and sneakers to release sperm (ref. 25 ; A.P., M.S., and M.B.R., unpublished observations).
After 5 min, a ripe female was placed in the compartment of the territorial male. The female was confined in a transparent Plexiglas tube that was placed in front of the nest. Territorial males started to court the female immediately and release sperm in the nest (mean concentration of sperm after 30 min, grass goby ϭ 275.0 sperm per ml Ϯ 82.8 SEM, n ϭ 28; black goby ϭ 234.4 sperm per ml Ϯ 41.5 SEM, n ϭ 16). After 10 min, the female was moved into the nest, and an aliquot of 500 l of female ovarian fluid was released in the compartment of the focal sneaker. Ovarian fluid is released by females during egg laying, and acts as a spawning cue for sneakers (A.P., M.S., and M.B.R., unpublished observations). Ovarian fluid was collected from the genital papilla of ripe females that were previously anesthetized, by exerting a gentle pressure on their abdomen. Aliquots of ovarian fluid were prepared from the pool of the ovarian fluids of five females, stored at Ϫ20°C, and used within 1 week. After that, a new ovarian fluid stock was prepared from five other females. Stripped females were then released back to the point of capture. Simulated spawnings were used because natural spawnings usually last 4-12 h, and females can enter and exit the nest several times during spawning (26) , which would have introduced large variance in the characteristics of the spawnings that may have influenced the behavior of the focal sneakers. Thirty minutes after the introduction of the female, 80 ml of water was sampled from the compartment of the focal sneaker, and one of the authors (M.S.) determined sperm concentration blind of the experimental group (24) . Previous observations demonstrated that in both species the spermatozoa remain viable in water up to 2 h, without changing their concentration over time (23) .
Eight and five replicates were run in each condition for the grass goby (total n ϭ 32) and the black goby (total n ϭ 20), respectively. Focal sneakers were tested only once and all replicates were therefore independent observations. Experiments were performed May 18-31, 2001 (grass goby) and July 29 through August 17, 2001 (black goby). Mean total length Ϯ SD (range) of the fish used was as follows: territorial male: grass goby, 18.4 Ϯ 0.37 cm (18.1-19.3) ; black goby, 11.1 Ϯ 0.72 cm (10.5-12.3); focal sneaker: grass goby, 9.7 Ϯ 1.03 cm (7.5-11.3); black goby, 7.9 cm Ϯ 0.65 (5.6-8.2); female: grass goby, 11.2 Ϯ 0.79 cm (9.2-13.3); black goby, 11.1 Ϯ 0.72 cm (10.5-12. 3). Total length of territorial males, females, and focal sneakers did not differ among treatment groups (ANOVA, all P Ͼ 0.19). Competitor sneakers were randomly chosen from a stock of sneakers (n ϭ 30 and n ϭ 25 for the grass and the black goby, respectively).
After each test, stimulus sneakers were put back into the stock tank, and, therefore, some of them were used more than once.
Data were checked for normality and homogeneity of the variance. Where not otherwise stated, means Ϯ SEM are reported. Statistical analyses were done by using SPSS 10.1.
Results
Overall, sperm expenditure of the focal sneaker was 142.0 Ϯ 20.8 sperm per ml (n ϭ 32) and 136.1 Ϯ 14.8 sperm per ml (n ϭ 20) for grass and black goby, respectively. All focal sneakers released sperm during the trial with the exception of one grass goby in the experimental group with three sneakers. In both species, the sperm expenditure of the focal sneaker differed significantly according to the number of attending sneakers (ANOVA, grass goby: F 3,28 ϭ 4.22, P ϭ 0.014; black goby: F 3,16 ϭ 17.10, P Ͻ 0.001; Fig. 2 ). Removing the data of the grass goby sneaker that did not release sperm did not qualitatively change the results (F 3,27 ϭ 4.02, P ϭ 0.017). The body size (total length) of the focal sneaker had no effect on the sperm output (analysis of covariance, grass goby: number of sneakers, F 3,27 ϭ 5.00, P ϭ 0.007; total length, F 1,27 ϭ 2.78, P ϭ 0.11; model, F 4,27 ϭ 4.06, P ϭ 0.01; black goby: number of sneakers, 
Discussion
In accordance with theory (9, 20) , these results represent direct evidence that males respond to the high intensity of sperm competition by reducing their sperm expenditure. Previous studies attempting to measure sperm expenditure in relation to varying intensity of sperm competition did not support the intensity model (17) , or produced only indirect evidence (15, 28) . Recently, it was shown that one of three cricket species studied decreased its sperm allocation under the high intensity of sperm competition, but that study only considered one condition of intensity (six rivals; ref. 29) . More specifically, studies on fishes that have focused on within-species patterns of sperm expenditure have tended to compare males exhibiting alternative mating tactics (30) (31) (32) (33) (34) (35) rather than individual males facing varying levels of sperm competition among a series of spawns (but see refs. 17 and 21).
In the present study it was possible to control for all possible confounding variables and vary only the number of males attending the spawning. The pattern of sperm release found in these two gobies was entirely consistent with the theoretical one predicted by the model of Parker et al. (9, 20) . In particular, the sperm expenditure peaked when two sneakers competed, and then decreased with three and five sneaker competitors, as predicted by the model when the mean number of males competing at spawnings is greater than two. Sneakers, however, were always competing with the territorial male; therefore, the situation tested here is partly different from that (a fair lottery) envisaged in the theoretical models, unless the fraction of eggs cuckolded by sneakers in a spawning does not increase with the number of sneakers, as observed in the Atlantic salmon (Salmo salar; ref. 36) . If this pattern of paternity sharing also applies to the fishes studied here, the sperm allocation strategy adopted by goby sneakers at a given spawning should be influenced only by the presence of other sneaker competitors and therefore be qualitatively equivalent to that predicted for ''true'' groupspawning fish. Consistent with this interpretation, territorial males do not seem to vary their sperm expenditure with the number of sneakers (A.P., M.S., and M.B.R., unpublished observations). Another factor that may affect sperm allocation decisions by sneakers may be the distance from the spawning female at which they are able to release their sperm. In the present experiment sneakers could not enter the nest, but previous unpublished observations suggest that the number of sperm released by a sneaker is higher when he is able to enter the nest.
Sperm allocation strategies such as those described here are expected to evolve if males are able to estimate the number of competitors and have the opportunity to allocate their sperm strategically. These assumptions seem to apply in the two gobiid species used here. Spawnings last up to 10 h and sneakers congregate around nests (23) . As a consequence, it is likely that sneakers can assess the intensity of sperm during spawnings. Moreover, the number of sneaker competitors can change within a single event, because the territorial male often chases away sneakers or other sneakers can join the spawning and nearly one third of spawnings occur without the presence of sneakers (23, 24) , which suggests that sneakers have the option not to compete with other sneakers and that sperm competition level can vary not only between but also within spawnings. Although grass and black goby sneakers have large testes (22) , a careful allocation of their sperm stores may therefore be advantageous and may have selected for their ability to tailor their sperm expenditure according to the number of competitor males. Although this was beyond the scope of this study, our results suggest that sneakers can assess the level of sperm competition visually, because olfactory cues (territorial male's urine and female ovarian fluid) were kept constant and chemical communication between sneakers was prevented. Gobiids emit sounds during spawning (37, 38) , and acoustic communication between sneakers cannot be excluded given the experimental design adopted here.
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